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INTRODUCTICN

This paper desciibes the work at Herwell using ouwr Neutron
adle-te mrke o rangc f gumna active suwrces for industriel
rediogrophy,

Hitherto the torm gomma rediopraphy hos been confined to the
usc of the natural emitters whosc encrgics arce hard and very
penetrating, It is owr adm te produce inoxgensively artificial
sowrces covering & roanpe of cnerptics from 100 kilovolts to over
1 McV. These will be cumplementory to X-ray tubes and will have
the advantape of portability without inferice performance tc that
cf o tube,

In sclecting suitable clements for cur scurces sie look for the
following; peints,

s loeng holf-life. - The netivity of 211 thesc cmitters decays
exponentially at a ratce charactiristie of the clement, This is
corvenicntly cxpresscd as o hnlf-lifc which is the time within vhich
the activity of ~ suurce £2lls t¢ helf its valuc, Half lives vary
widely from sceonds to many yoirs, the useble cxtremes being
typificd by the natursl cmittors Reldin (2,7 days) and Reddium (1500
years). Holf lives os short as Raden sre inconvenient sinee a lot
of activity is loust while tronsperting the source to the work and
it is a nuisanece cnleulating the cxposurces for such 2 ropidly dying
suurec,

The s-urces scleetul have hedf Lives of o menth or v vhich
gives o convenicnt werking life, If shoerter holf lives arc

permitted o number of other s wees could be incluled,

»

Energy

Ve wrould like, if we eould, to find scvernl &
roys cf say 10C - 200 Kev; 306C - 500 KeV; 1 eV oni
This.wculd cnoble the radi-prepher to pick o s urce
contrast depending con the thickness and density of
inspected.

rinls ermitting
- 3 licV.
¢ pive moxdmun

C
2
kv
nc wrork te be

-
Ve
Redioactive gamma cmitters hove nn advantage over Y-ray tulos
in giving off roys cof discrete enerpgics rather thon 2 continucus
spectrur., This causcs less soft scattering and aveids filtering
preblems, Gomme emitiers sometimes have & complex apectrum howewer,
consisting of 2 nurber of cheracteristic wavelengths, 4s o result
of this it is irpossible te predict frem knowledse of a substonects
gamme cnergics exactly how it will perform in radicogrophy o«nd
experiment is necessary, This basic work of trying out the
radiogrephic qualitiecs cf differcent scurces has been done by the
Isotope group at Farwcell, It is cf crurse clear that the dominating

feature is the gamma that. is hordest ond the scurces suitablce for
the low encrpy ranges must be frec frem shortwave corpencntse

Gocd Nuclear and Dhysiczl Lrepertics

Besides the half life and cnergy, it is essentinl that the
substances have o lorge nuclear capiurc cross scction for neutren
jrradiation,

Several materials have to be rejected on this score because

they do not take up cetivity readily and the result is o Lo
activity source which would nced extravagently long cxXpesure timcs,

One could gt over this by having n lorpe sized source but such
puor resolution would rosult that it would not be worth vhile.
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1IST OF SUITLBLE ISOTODES

Pirurc 1 shows suitable sources vrouped together under their
gemma cnerpy range os hord, mediuwn and sort,

The hard class arc 2ll suitable for penetration of 2 inches
ond upvards of steol with slight individusl advontoges in the matter
of long life, = specdy preparation = short exposurc time cte,

In the medium cnergy cless Iridium has Ly fer the best
characteristies as it cctivates rapidly to several curics giving a
supcericr small active sowrcc to the Sclenium and Hefnium, These
substonees are best for stecel thicknesses of % te 2 inches,

The iow cnergy range is badly scrved. - Ve huve found neo
convenient sources except possibly Ce = Irlhdk o fission product
which has rocently been tricd., Unfortunately, the wanted 220 kv
radiation is masked by 2 harder 1,25 MeV which is found tc make the
source cct os though it were cne of this cnergy., The cortraost to
be expected from 220 kV does not appear,

SOURCE DET.JILS

X=Radiographers 2rc uscd tc sources of radiation cf’ scveral

Csquare millimetres arcas T this end, we have stundordised our

source sizes as cylinders hoving dicreter ;qu..l to length wAth
dironsicns € mm; 4 mm; 2 g «nd in certain eascs 1 pmn

he 2efivity requi—ed is ususlly in hundreds of millicuries,
which means 2 high valuc cf specific activity (me/mram).

=]

Fertunotely moterinls like Iridium and Ccholi con te activated
tc several curies/rra, o firure in cxcess of noturil rodiun,

Fer convenicnce of hmluin,; ond lobelling these scurccs have
been cnclosed in standord crpsules of on cluminiun 2lley, Fipure 2
shows the 2 rm; 4 m; on? & mr, scurces bofcre cncloswre in the
eluminium capsule znd 2lso « scaled snd lubelled copsule, These
cnpsules cre the standard heller for 11 cur sources nnd scrve i
protect the beto emission from the svurce, identifly th, scw'ce size

. end type by 2 letter ané sericl nurb-r and olso ‘c provide o fixing

tag to secure ths source. In cases vherce the clerent is not metallic
such as 2up03 - a povder prossing dic has teen usel $¢ cumpress 2
cylindricel pellct from the available cxide or sult, This is
illustrated in Figure 3 which shows the die wnd 2 pear of foreeps
holding a pressed powder scurce,

Lt the present time no stock of readye-activated scurces cxists
and irredietions orc madc in the iile ic 2 custumer's crders This
may teke weeks or months dependidy en the activity required and the
source sizec,

In the majority of cases the activity is zcguired ty neutren
capture and sources of this type cen be returncd to Harwell for
re-irradiasticn cr "hotting-up" when their stren;ih has decaycd
Yelow a useful fipurc., In this way continuous scrvice con be had
from a sourcc ond mony users keen two sources, onc being; activated
and the other in usc,

Letivity of sources is mcocsurcdby gomma ionisation methods
and expresscd in millicurics, This has the advantege that only a
single figure nced be quoted whercas if the ionising proportics
were given it is nccessary to specify tire and renge, cege milli-
rintgens/hour ot 1 metre, Since millicurics arc solcly a
disintepration rate - intercomperison of differcnt kinds cf sources
48 meaninpless, Exposures are measurcd in "millicuric~hours" mconing
so many hours cxpusure for a source strength of so many millicurics,
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{Owing to thc corplex gomma spectrs. of many of the clements
their penctration characteristics are nwt predictable and we have
prepared exposure density curves for the different types of source
giving film density against oxposure for a family of stecl thick-
nesses,

The whole affrir is reduced tc the utmost simplicity by our
issuing with cvery source a calibration chort showing the decoy
of millicuriecs with time - Fipgurs L.

This taken in conjunction with the cxposurc chart shows
immediately the time of oxposurc necded for any given steel
penctration.

Pigure 5 shows an intorcenpariscn of vorious different sources!
cxpusure times to produce unity £ilm Qensity throurh different
thickesses of stedl. .11 thesc graphs ore supplied frec to uscrs
in the farm of date shects for the vrincipel sources vic make,

The cxposurc pgraph dous net show contrast dircctly, but may be
inferred from the slopes of the curves, renctramcter tests orc so
mizlonding that I profur not to quotce thom but under suitable
conditivns Pigures of butween 1 and 5 per cent can be obtained -
rcsults in foct comparable te thosc expected bty X-roy mctheds,

« The films uscd ore she normnl Z-roy or finc jroain X-roy types
and we have found lead screens of ,005 inches and ,010 inches for
front and back are slirhtly better than the rather thinner oncs
cumrereciclly availoble.

Figure 6 shows o pancramic fost oxposurc in progress of the kind
that lc¢d to the preparation of owr exposwre-density curves. The
lcad enteiner is cne of our wwm design hoving L inches cf lead

w21l which ean be uscd fer a “projoction” cxposure cr for pancromic
srithdravel of the swurcc cn zn articulated handling rod 2s shovmn,

I= will be neticcd thot steel slats have been uscd rrther than
stepwedges as we have fuund results from these to be more consistunt,

Fijure 7 shows the container and handling tocl with the frent
open for a vprojecticn” exposurc.

Lead containers arc now being sold by four menufacturers suitable

fcr helding our standerd sources.
: AN

The sourccs in currcent usc are cobalt 60, .ontalum 182 ond
iridium 192, These have been found to corbinc the most desircble
cheroctcristics and arc supericr to the others listed. The Is epe
Division at Herwell will tc glad tu edvisc on the use of our scurecs
¢hich have clready found wide usc in industry both here and ¢n the
Continent.

CIRCULATION

1, Vi, S. Bestwocd (50)
" Standerd Circulation.
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Isotope
Cobalt 60
Baropius 154
Tantalun 182
Antiuony 124
Scandiwm 46

Iridium 192
Selsniwm 75
Hafnium 184

Corium 144
Praseodysiuwn 14k

MoV Gamma
snergies

1.3

Sy b1y 5.2

223 1.133 1.22;

o615 <65; «73; 1.7; 2.0;
1.12;

0573
oAle;
-’;

c“;

«27; ob;

1,25; 0.22;

‘Half

fs

53y 1.4;
5y «12;
1204 .15;
1274  .12;
“ d 0523
275 4  lione

ric.
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